INTRODUCTION
Hyperuricemia, defined as a UA level 47.0 mg dl À1 , is often observed in patients with hypertension and diabetes mellitus (DM), which are the leading causes of end-stage renal disease. 1 Recently, hyperuricemia has been recognized as a risk factor in CKD incidence and progression. 2 It is often associated with metabolic syndrome and obesity, which are prevalent in developed countries. 3, 4 Moreover, hyperuricemia is associated with the onset of type 2 DM 5 and stroke. 6 In addition to the basal levels of UA, changes in UA are suggested to be a determinant of glomerular filtration rate (GFR) change. However, the precise relationship between estimated GFR (eGFR) and UA is largely unknown, and no large cohort study has been conducted to elucidate this relationship. 7 We investigated the changes in eGFR and UA among screened cohorts in Okinawa using the newly established eGFR formula for Japanese patients. The serum levels of creatinine and UA in the participants were measured at a screening in both 1993 and 2003.
METHODS
Individual records for 16 630 participants who were screened in both 1993 and 2003 by the Okinawa General Health Maintenance Association (OGHMA) were examined in this study. The study was approved by the Institutional Review Board at Ryukyu University and the equivalent committee at the OGHMA.
Screening program
The OGHMA is a nonprofit organization, founded in 1972, that conducts a large annual community-based health examination. 8 À10 Once each year, the staff, doctors and nurses visit residences and workplaces throughout the prefecture to perform health examinations. All subjects voluntarily participated in the screening. The OGHMA personnel provided mass screening, informed the participants of the results, and, when necessary, recommended further evaluation or treatment. This process included an interview concerning health status, a physical examination and urine and blood tests. A nurse or doctor measured blood pressure using a standard mercury sphygmomanometer with the subject in a sitting position. Dipstick testing for proteinuria (Ames dipstick, Tokyo, Japan) was performed in spontaneously voided fresh urine. Proteinuria was assessed by a technician as negative, trace, 1 þ , 2 þ , 3 þ or 4 þ . A score of 1 þ and higher was regarded as proteinuria. For this study, we excluded those patients with proteinuria scores of 2 þ and higher. A blood sample was taken after an overnight fast. The blood was analyzed at a central laboratory at the OGHMA. Body mass index was calculated as weight (kg) divided by the square of the height (m). Obesity was defined as BMIX25 kg m -2 , and hypertension was defined as systolic blood pressure X140 mm Hg or diastolic blood pressureX90 mm Hg. DM was defined as fasting blood glucose X126 mg dl À1 .
Computer-based data were available from 1 April 1993 through 31 March 1994 (n ¼ 143 948), for the 1993 screening and from 1 April 2003 through 31 March 2004, for the 2003 screening. Participants who were screened at both screenings were identified using ID number, birthdates and other identifiers. In addition to formulaic matching, all matches were visually inspected to confirm their accuracy. We identified 44 230 subjects who participated in both the 1993 screening and the 2003 screening (30.7% of the total). For this study, we selected those subjects who had measurements of serum creatinine and UA at both screenings, totaling 16 796 subjects (men 7495 and women 9301). We excluded subjects with proteinuria, assessed as dipstick 1 þ and higher.
Serum creatinine was measured using a modified Jaffe reaction (1993) and enzymatic method (2003) in an auto-analyzer at the OGHMA laboratory. After converting the serum creatinine value of 1993 to that of the enzymatic method, 11 the eGFR was calculated using the Japanese Society of Nephrology formula. 12 Subjects who were already on chronic dialysis were excluded from the cohort. Only coded data sets were used for this study. In both sexes, a UA level 47.0 mg dl À1 was defined as hyperuricemia (H), and a UA level below that threshold was classified as normouricemia (N). Based on the absence or presence of hyperuricemia in both the 1993 screening and the 2003 screening, we categorized patients into four groups: group 1, N/N; group 2, H/N; group 3, N/H; and group 4, H/H.
Statistical analysis
Data were analyzed with SAS statistical software (version 9.23, SAS Institute, Cary, NC, USA). Demographic data were presented as the mean (s.d.) for quantitative variables and absolute number (%) for frequencies. Student's t-test and analyses of covariance were performed to compare the significance of discrete variables. Stepwise multiple regression analysis was performed to estimate the independent effect of several variables on decline in eGFR. A P-value of o0.05 was considered statistically significant in all analyses.
RESULTS
Baseline characteristics of the study participants are summarized in Table 1 . Over 10 years, the eGFR decreased 9.6 ml min À1 per 1.73 m 2 and serum uric acid increased 0.2 mg dl À1 (both Po0.0001). Proteinuria developed in 961 subjects (6.0%). Table 2 summarizes the changes in clinical demographics and changes in eGFR (DeGFR) by changes in UA (DUA) in groups 1-4, with the groups categorized by the baseline levels of eGFR. We observed that 8.5% of the total screened population remained hyperuricemic, particularly men. An increase in UA was associated with a decrease in eGFR regardless of comorbid patterns of hyperuricemia and the baseline levels of eGFR. Table 3 summarizes the risk factors for a decline in eGFR estimated by a multiple regression model in groups 1-4. In all groups, an increase in UA was a strong independent risk factor for a decline in eGFR compared with the baseline level of UA as well as for the presence of hypertension or DM in 1993. The estimated decline in eGFR per 1 mg dl À1 increase in UA was 4.19, 1.91, 2.36 and 2.01 ml min À1 per 1.73 m 2 in groups 1, 2, 3 and 4, respectively. These results were also observed for women, even when the definition for hyperuricemia was 46.0 mg dl À1 (data not shown).
Changes in eGFR (DeGFR) were associated with DUA, in both men ( 
DISCUSSION
This study demonstrates the significance of hyperuricemia for a decline in eGFR among the screened subjects, thus supporting our previous observation. 13, 14 Hyperuricemia is common among patients with hypertension and DM because of the increase in the prevalence of obesity and metabolic syndrome in these patients. The presence of metabolic syndrome has been reported to be associated with the prevalence 15 and incidence of CKD. 7, 16 The higher number of comorbid conditions, such as hypertension, hyperglycemia and lipidemia related to obesity, increases the prevalence of hyperuricemia. The reasons for the increase in serum uric acid or the maintained hyperuricemic levels are not clear from the results of this study. This cohort participated voluntarily and therefore was a self-selected population. Relationship between changes in uric acid and eGFR
Hyperuricemia has several unexpected effects on kidney function, even without hypertension. 1 The beneficial effects of angiotensin II receptor blockade are also explained by the associated effect of lowering serum levels of uric acid. 2, 17 Several statins lower the serum UA levels, and the beneficial effect of statins on cardiovascular events could be related to its lowering effect on serum UA levels. 18 Significant changes in risk factors and treatments may have occurred during the study period. Angiotensin II receptor blockers, which may reduce the uric acid level, have been available since 1998 in Japan. Hyperuricemia with gout would have been treated, if needed, by conventional medicine, such as xanthine oxidase inhibitor and/or uricosuric agent. A new type of xanthine oxidase inhibitor, febuxostat, was introduced in Japan in 2011.
The causes of the greater decline in eGFR are not clear from the results of this study. The age-related decline of GFR is relatively small in the general Japanese population. 19 In this study, a greater decline in GFR was observed among those who had increased levels of serum UA over a 10-year period. Several papers have reported the benefit of Relationship between changes in uric acid and eGFR K Iseki et al treating hyperuricemia on the progression of CKD, particularly for patients with gout. However, whether the asymptomatic hyperuricemia should be treated remains unknown. Hyperuricemia may be related to other lifestyle-related factors, such as alcohol consumption, smoking and socioeconomic stress. Unfortunately, such information is not available in this study. Early detection and treatment are important to prevent the progression of CKD and therefore the incidence of cardiovascular disease and end-stage renal disease. Based on the recent Kidney Disease: Improving Global Outcomes (KDIGO) meta-analyses, classifications of CKD based on both GFR (namely, serum creatinine) and albuminuria have been proposed. 20 Subjects with hyperuricemia usually do not have albuminuria or proteinuria, and therefore these conditions may be ignored with regard to medical attention. The population in Japan is ageing. Therefore, the number of CKD patients, particularly those with CKD stage 3a, A1, will increase. These patients are the targets for life-style modification, which would be the most cost-effective method of preventing cardiovascular disease and end-stage renal disease. Although the number of studies is small, there are reports supporting the treatment of asymptomatic hyperuricemia. [21] [22] [23] In this regard, the effect of uric acid-lowering agents should be evaluated in the future.
There are several limitations to our study. First, the study subjects were relatively healthy individuals who were concerned about their health status and should therefore be considered a self-selected population. The prevalence of CKD remained stable while the prevalence of obesity increased and the prevalence of hypertension decreased from 1993 to 2003. 9 As in other large-cohort studies, the follow-up was passive. Some of the individuals who participated in the screening may already have been treated for gout or hyperuricemia. Unfortunately, information on the use of such medication is not available. Treatment of hyperuricemia or gout and the use of angiotensin receptor blockers may decrease the serum levels of uric acid, thus blunting the relationship between the changes in UA and eGFR. CKD prevalence was comparable between the groups and similar to that in other parts of Japan. 19 As reported, a new-type of xanthine oxidase inhibitor has shown beneficial effects on kidney function with the degree of changes in UA. 24 Second, the causes of hyperuricemia were not clear from the results of this study. Acute deterioration of GFR may accompany hyperuricemia or vice versa. However, the likelihood of this possibility is low because we adopted two time points that were 10 years apart. Moreover, the magnitude of change in UA was significantly associated with the change in eGFR. Several lifestyle-related factors such as smoking, alcohol intake and exercise habits may explain the change in serum levels of uric acid. Third, the relative homogeneity of the Okinawa population enhanced the internal validity of our results. Our findings remain to be confirmed in other parts of Japan and in other races, however. Finally, the cutoff point for hyperuricemia (47.0 mg dl À1 ) that was used in this study was arbitrary; however, this cutoff is accepted as the guideline for the management of hyperuricemia and gout. 25 The effect of hypouricemia, o5.0 mg dl À1 , remains to be studied.
In conclusion, this study suggests that maintaining serum levels of uric acid in a normal range is important to maintain eGFR decline within a normal range. Hyperuricemia 47.0 mg dl À1 is an independent predictor of the progression of CKD and therefore end-stage renal disease incidence. In this regard, careful monitoring of lifestyle leading to hyperuricemia is important and probably warranted among those with obesity and metabolic syndrome. Future intervention studies on the subjects with asymptomatic hyperuricemia are needed. 
